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DISTRIBUTED INTELLIGENCE BALLAST 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of US. patent application 
Ser. No. 11/011,933, ?led Dec. 14, 2004, entitled DISTRIB 
UTED INTELLIGENCE BALLAST SYSTEM AND 
EXTENDED LIGHTING CONTROL PROTOCOL, the 
entire contents of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a multi-ballast 

lighting and control system, and, more particularly, to a dis 
tributed intelligence multi-ballast lighting system employing 
a DALI backward compatible extended protocol for mes 
sages in a lighting control netWork that extends the function 
ality of the lighting control netWork. 

2. Description of Related Art 
In recent years, large-scale lighting systems have been 

developed to meet the needs of lighting applications With 
distributed resources and centraliZed control. For example, 
building lighting systems are often controlled on a ?oor by 
?oor basis or as a function of the occupancy space used by 
independent groups in the building. Taking a ?oor of a build 
ing as an example, each room on the ?oor may have different 
lighting requirements depending on a number of factors 
including occupancy, time of day, tasks ongoing in a given 
room, security and so forth, for example. 
When a number of rooms are linked together for lighting 

purposes, control of lighting in those rooms can be central 
iZed over a netWork. For example, While poWer to various 
lighting modules can be supplied locally, control functions 
and features of the lighting system can be directed through a 
control netWork that sends and receives messages betWeen a 
controller and various lighting system components. For 
instance, a room With an occupancy sensor may deliver occu 
pancy-related messages over the netWork to inform the con 
troller of the occupancy condition of the given room. If the 
room becomes occupied, the lighting controller can cause the 
lighting in that room to turn on, or be set to a speci?ed 
dimming level. 
When messages are exchanged in the lighting control net 

Work, a protocol is employed to permit the various netWork 
components to communicate With each other. One popular 
protocol presently in use is the Digital Addressable Lighting 
Interface (DALI) protocol. The DALI protocol represents a 
convention for communication adopted by lighting manufac 
turers and designers to permit simple messages to be commu 
nicated over a lighting netWork in a reasonably e?icient man 
ner. The DALI protocol calls for a 19 bit message to be 
transmitted among various netWork components to obtain a 
netWorked lighting control. The 19 bit message is composed 
of address bits and command bits, as Well as control bits for 
indicating the operations to be performed With the various bit 
locations and the message. For example, one type of message 
provides a 6 bit address and an 8 bit command to deliver a 
command to the addressed netWork component. By using this 
protocol technique, sixty-four different devices may be 
addressed on the lighting netWork to provide the netWork 
control. A large number of commands can be directed to the 
addressable devices, including such commands as setting a 
poWer on level, fade time and rates, group membership and so 
forth. 
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A conventional ballast control system, such as a system 

conforming to the DALI protocol, includes a hardWare con 
troller for controlling ballasts in the system. Typically, the 
controller is coupled to the ballasts in the system via a single 
digital serial interface, Wherein data is transferred. A disad 
vantage of this single interface is that the bandWidth of the 
interface limits the amount of message traf?c that can reason 
ably ?oW betWeen the controller and the ballasts. This can 
also create delays in times to commands. 

In the present day DALI protocol, a portion of the com 
mand space is set aside for future functionality, or for adap 
tation by individual users. HoWever, the reserved command 
space provides limited additional functionality due to the 
relatively small number of commands available in the space 
that is set aside. In addition, it is less desirable to use the 
reserved command space for customiZed netWork lighting 
applications, due to problems With interoperability. For 
example, if different manufacturer components are used on a 
DALI lighting netWork, and the components expect to use a 
command in the reserved command space for different pur 
poses, the lighting netWork Would operate improperly due to 
the con?ict in the command space. 
More recently, lighting designers have demanded greater 

functionality from lighting netWorks to realiZe improved fea 
tures in the operation of a lighting system. For example, the 
lighting designer may desire that a number of lighting com 
ponents may be located in a single room, each of Which may 
require an address. One simple example is a room that 
includes multiple ballasts for control of ?uorescent lamps, a 
photosensor to determine the amount of light in the room, an 
occupancy sensor, and a control station. It is desirable to have 
these components provided over one single lighting control 
netWork. 
As more and more demands are placed on the lighting 

control netWork to increase the functionality of the lighting 
system, the DALI protocol becomes limited in its ability to 
handle a Wide variety of commands, even When the reserved 
command space is utiliZed. In addition, the addressing 
arrangement in the DALI protocol is limited to 64 addresses 
for each DALI controller. As more lighting devices are con 
nected to a DALI netWork, additional DALI controllers are 
needed because of the limited address space. With a large 
number of DALI controllable devices in a building, a number 
of DALI controllers are used and a building control system or 
netWork is connected to the DALI controllers to provide 
further extendibility and ?exibility in the lighting control for 
the building. Such an arrangement can become increasingly 
expensive and fault intolerant as more and more devices are 
added to each DALI netWork. 

Another feature of the DALI controller used in DALI pro 
tocol netWorks is that the controller supplies poWer to all 
devices on the netWork, as Well as control and query com 
mands. One draWback of this arrangement is observed if the 
DALI controller fails, meaning the loss of the poWer bus as 
Well as the command/control bus. Accordingly, if the control 
ler fails, the entire lighting system Will be non-functional. 

Another operation for the DALI protocol that tends to 
reduce response time is the polling of devices in the DALI 
bus. For example, if an occupancy sensor is to be used to turn 
on a ballast through the DALI netWork, the DALI controller 
polls the sensors in the DALI netWork to determine When an 
event occurs to indicate a change in the occupancy of a room, 
meaning the associated ballast should be energiZed. The pro 
cess forpolling the devices on the DALI bus can be someWhat 
time intensive, because polling commands may be supplied 
for each device on the DALI bus in a cyclical fashion, so that 
the latency for a given occupancy sensor to indicate a change 
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in status may be signi?cant. In effect, the control for the entire 
DALI network is centralized through the DALI controller, so 
that control is effected through processing and communica 
tion from a central point. 

Another aspect of devices that are used on a DALI network 
is the fact that the components must include communication 
ports for connection to the DALI bus, and be able to commu 
nicate with a DALI controller. Accordingly, the devices are 
inherently more complex than traditional devices that are not 
connected to a network. The complexity of the components 
can signi?cantly increase the cost of a DALI controlled light 
ing network. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a 
protocol is used with a conventional DALI network lighting 
system that extends the capability of the system to permit 
greater functionality and ?exibility. Preferably, the conven 
tional DALI command word supplied on the DALI network is 
expanded to three bytes, and two additional bits, convention 
ally placed at the end of a message and referred to as “stop 
bits,” and used to indicate the end of a DALI message, are 
toggled to increase the functionality of the conventional pro 
tocol. In the conventional DALI protocol, the last two bits of 
a message are set to be ?oating to indicate the end of a DALI 
message. When either of the last two bits are made to transi 
tion, rather than ?oat, the devices interpret the data received 
according to the extended, increased functionality protocol 
thereby increasing the functionality and ?exibility of the 
lighting system. 

Thus, the protocol of the present invention operates in a 
conventional DALI system, because conventional DALI mes 
sages can also be provided on the DALI network to commu 
nicate with conventional DALI devices. When an extended 
protocol message is transmitted on the network, any conven 
tional DALI devices, i.e., those that are not con?gured to 
interpret messages sent using the extended protocol, ignore 
the message due to the transitions in the ?nal 2 bits of the 
message. More particularly, those devices that are capable of 
only receiving DALI protocol messages ignore messages that 
are formatted according to the extended protocol. However, 
those devices according to the present invention which are 
capable of receiving and interpreting an extended protocol 
message function accordingly. 

Either of the ?nal 2 bits in the message may be transitioned 
to signal the extended protocol is being employed, effectively 
increasing the number of messages available on the conven 
tional DALI bus. No new wiring or changes to the DALI bus 
or controller are needed to implement the protocol or to add 
new functionality to existing systems. In addition, the 
reserved DALI commands are not needed to extend the func 
tionality and ?exibility of the lighting network system, so that 
con?icts between devices made by different manufacturers 
are not an issue. In accordance with a feature of the present 
invention, a transition in either of the ?nal 2 bits causes the 
message to be ignored by conventional DALI devices, so that 
additional transitions are available to expand the amount of 
data communicated in a message. For example, when an 
extended protocol message is transmitted, the ?nal 2 bits of a 
conventional DALI message are toggled, as well as an addi 
tional number of message bits to form an extended message 
within an appropriate time frame to prevent interference 
while expanding the functionality of the system. Devices 
according to the invention tied to the DALI bus can easily be 
programmed to received both conventional DALI messages 
and extended protocol messages, effectively increasing the 
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4 
?exibility of the network by permitting greater system func 
tionality provided by the extended protocol messages. If a 
conventional DALI message is targeted for a device capable 
of responding to both the conventional DALI protocol and the 
extended protocol, the device will interpret the conventional 
DALI message appropriately by recognizing the lack of a 
transition in the ?nal 2 bits of the DALI message. Similarly, 
the device will recogniZe an extended protocol message when 
a transition is detected in either of the 2 ?nal bits of an 
extended protocol message. 

In accordance with a feature of the present invention, a 
network of devices may include 256 devices, rather than the 
conventional 64 in the DALI protocol. In addition, the 
extended protocol permits the de?nition of groups within the 
lighting network, so that sets of devices can respond as a 
single unit, rather than having to communicate with each 
individually. For example, a set of devices can be pro 
grammed to be within a given group, with appropriate default 
set points for the group. When an extended protocol message 
is received to cause the group to return to a default, all the 
devices in the group can return to the given set point. 

In accordance with another feature of the present invention, 
the power and control can be separated or distributed, so that 
the failure of a given controller does not cause the entire 
network to fail. Each device on the network can be enabled 
with the extended protocol to act as a sender or receiver, i.e., 
controller, with power supplied to each device individually. 
Accordingly, the intelligence of the system according to the 
invention is distributed amongst the individual devices, i.e., 
the individual ballasts that include processing power. There 
fore, if the central DALI controller fails, the system still 
retains functionality. 

Further, the network wiring need only be for communica 
tion, rather than for communication and power. The extended 
protocol network can be realiZed as a two wire system, which 
can fall into a class 2 category for electrical standards, mean 
ing that no conduit is needed for running the wires. In the 
conventional DALI system, power lines and control lines are 
provided to each device, so that the wiring is in a class 1 
category, indicating the need for a conduit to run the wire to 
the various devices. 

In accordance with another feature of the present invention, 
control for the network can be decentraliZed, meaning that 
each device on the network can include some intelligence to 
operate various devices connected to it, in addition to having 
an interface for connecting to an extended protocol network. 
Such a system permits greater ?exibility and faster respon 
siveness due to the lack of a centraliZed control that polls all 
the devices in the network on a cyclical basis. For example, an 
occupancy sensor and a ballast in a given room can be con 

nected to each other so that a signal from the occupancy 
sensor immediately turns on the ballast, rather than waiting 
for a polling command from the central DALI controller. 
Either of the devices, for example, the occupancy sensor or 
the ballast can be con?gured to have an interface for the 
extended DALI protocol network. In a standard DALI sys 
tem, if the controller fails, because the polling operation 
stops, the ballasts would not respond to an occupancy sensor. 
This is because in the conventional DALI system, the sensor 
input is provided to the controller, and the controller must 
then instruct the ballast. If the controller fails, then the ballast 
will not receive instructions to turn lights on or off. 

According to another advantage of the present invention, 
maintenance of a lighting system using the extended protocol 
system is more e?icient and more easily achieved due to the 
localiZed rather than centraliZed control. One type of advan 
tage contemplated in accordance with the present invention is 
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an additional controller that can be attached to the extended 
DALI protocol network to act as a peer to peer controller to 
provide a gate keeping function betWeen various devices on 
the netWork. In such a con?guration, peer to peer operations 
increase responsiveness in the DALI lighting system to pro 
vide greater functionality and ?exibility for the entire system. 

Other features and bene?ts of the present invention are 
realiZable by the combination of individual ballasts that 
include processing poWer, and the con?guration of the bal 
lasts to utiliZe the extended DALI protocol. For example, 
ballasts are con?gured in a default “out-of-box” mode to 
perform various functions upon installation and Without addi 
tional con?guration and setup. More particularly, a ballast is 
con?gured With a photosensor input and broadcasts its sensor 
data over the shared interface automatically. Further, ballasts 
are con?gured upon installation Without con?guration to 
function as a standard DALI ballast such that information that 
is broadcast over a DALI compatible communication link is 
automatically received by an “out-of-box” ballast that has not 
yet been “commissioned” (i.e., con?gured With an address 
and various programming instructions). 

Yet another feature of the present invention is that commis 
sioning of the distributed system is greatly simpli?ed. Assign 
ing an address to a ballast installed on a DALI communication 
link can be performed in various Ways, including by entering 
commands on a keypad, using an infra-red transmitter to send 
commands to an infra-red receiver input on a ballast, and by 
transmitting commands using another device having a pro 
cessor and memory, such as a properly con?gured poWer 
supply and/ or controller device. 

Further, the present invention improves the commissioning 
of replaced ballasts. In one embodiment, for example, a data 
base is referenced that stores con?guration information for 
every ballast on a communication link. After a replacement 
ballast is added to the database, any con?guration informa 
tion relating to the replaced ballast is automatically assigned 
to the replacement ballast. In this Way, a plurality of ballasts 
that replace faulty ballasts can be commissioned quickly and 
accurately. 

Yet another bene?t of the present invention includes the use 
of programming routines that can be used, for example, by a 
single ballast that is con?gured to receive sensor readings 
from a plurality of photocells, and, thereafter to average and 
broadcast the averaged readings to other devices on the link. 
Thus, for example, a ballast can provide an accurate repre 
sentation of the amount of light that is produced from a single 
lamp or plurality of lamps and from another source, such as 
natural sunlight. 

Another feature of the present invention includes scaling 
input values to accommodate various operation range limita 
tions of the installed ballasts. For example, one ballast that 
has a range of operation that is smaller than another ballast 
receives an input command that is scaled to factor into con 
sideration the limitations of the ballast’s range of operation. 
By scaling input values for various devices on the communi 
cation link, the present invention improves accuracy, for 
example, With respect to commands sent and received by 
various ballasts. 

The present invention also provides for a process of sea 
soning or “burn-in” of lamps to prevent a decrease in lamp life 
that is caused by dimming a lamp too early after a lamp is ?rst 
installed. In accordance With the present invention, ballasts 
are con?gured in “out-of-box” mode to automatically supply 
a lamp With full poWer for a minimum amount of time, such 
as 100 hours. Further, the ballast is preferably con?gured to 
ignore commands issued from any device on the communi 
cation link that may interrupt the burn-in process, such as a 
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6 
command to dim. Thus, another bene?t of the present inven 
tion is help assure that lamp life Will not be decreased due to 
dimming the lamp before it has been properly “seasoned.” 

Other features and advantages of the present invention Will 
become apparent from the folloWing description of the inven 
tion that refers to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a distributed ballast system 100 in 
accordance With an exemplary embodiment of the present 
invention. 

FIG. 2 is a block diagram of a multiple-input ballast having 
a digital processing circuit 14 in accordance With an exem 
plary embodiment of the present invention. 

FIG. 3 illustrates an example message in accordance With 
the extended protocol of the present invention. 

FIG. 4 is a How chart that includes example steps associ 
ated With the burn-in process of the present invention. 

FIG. 5 shoWs the basic process How for each ballast 
coupled into the lighting system of the present invention. 

FIG. 6 shoWs the process of obtaining photosensor read 
ings in accordance With the present invention. 

FIG. 7 shoWs steps associated With establishing a ballast 
high end trim 

FIG. 8 shoWs steps associated With establishing a ballast 
loW end trim 

FIG. 9 shoWs hoW the ballast processor processes a normal 
DALI command. 

FIG. 10 shoWs hoW the ballast processor processes a scaled 
input control command in the extended protocol of the 
present invention. 

FIG. 11 shoWs a diagram summarizing the results of the 
?oWcharts of FIGS. 7-10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

System OvervieW 

Referring to the draWing ?gures, in Which like reference 
numerals refer to like elements, FIG. 1 is a diagram of a 
distributed ballast system 100 in accordance With an exem 
plary embodiment of the present invention. As shoWn in FIG. 
1, a plurality of ballasts 12 that comprise processors 14 are 
installed on a communication link 16, preferably a DALI 
communication link. Coupled to each ballast is a lamp or 
lamps 44, and some or all of the ballasts 12 have sensors 
attached thereto. For example, photocell sensors 22 and occu 
pancy sensors 26, as Well as infrared receivers 24 are shoWn 
attached to some ballasts 12. Also as shoWn in FIG. 1, at least 
one ballast is provided that has no sensor input, and at least 
one photosensor 24A is provided that is attached to link 16 as 
a stand alone device. Thus, devices are provided on commu 
nication link 16 in various combinations. 
The DALI communications link 16 is bi-directional, and an 

incoming signal can comprise a command for a ballast 12 to 
transmit data about the current state or history of the ballast’ s 
operation via the link. The ballast can also use the DALI 
communications link 16 to transmit information or com 
mands to other ballasts that are connected to that ballast. 
By utiliZing the ballast’s ability to initiate commands to 

other ballasts, multiple ballasts canbe coupled in a distributed 
con?guration. For example, a ?rst ballast can receive a com 
mand from an infrared (IR) transmitter 18 via the ?rst bal 
last’s IR receiver 24 to turn offall lamps 44 ofthe system 100. 
This command is transmitted to otherballasts 12 in the system 
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100 via the DALI communications link 16. In another 
embodiment, the ballasts 12 of the system 100 can be coupled 
in a master-slave con?guration, Wherein a master ballast 
receives one or more signals from a central controller 20 or 
from a local control device such as control station 28, and 
sends a command or commands to other ballasts 12 to control 
the operation of their respective lamps 44, or to synchronize 
the operation of the other ballasts 12 With the master ballast. 

The master ballast may also send commands and/or infor 
mation pertaining to its con?guration to other control devices, 
such as central controllers 20. For example, the master ballast 
may send a message containing its con?guration to other 
controllers 20 and/ or ballasts 12 indicating that it reduced its 
light output poWer by 50%. The recipients of this message 
(e.g., slave devices, local controllers, central controllers) 
could independently decide to also reduce their respective 
light output poWer by 50%. The phrase lighting loads includes 
?uorescent lamps, other controllable light sources, and con 
trollable WindoW treatments, such as motoriZed WindoW 
shades. The central controller may be a dedicated lighting 
control, such as a DALI controller 20, as shoWn, or may also 
comprise a building management system, A/V controller, 
HVAC system, peak demand controller and energy controller. 

In an exemplary embodiment of the system 100, each bal 
last 12 is assigned a unique address, Which enables other 
ballasts and/or a controller to issue commands to speci?c 
ballasts. The IR receiver 24 on each ballast can be utiliZed to 
receive IR message containing a numeric address that is 
loaded into a memory of the ballast 12. Also, the IR message 
can serve as a means to “notify” a ballast that the ballast 

should acquire and retain an address that is being received on 
a digital port connected to the DALI communication link 16. 
Generally, a port comprises interface hardWare that alloWs an 
external device to “connect” to the processor. A port can 
comprise, but is not limited to, digital line drivers, opto 
electronic couplers, IR receivers/transmitters, RF receivers/ 
transmitters. As knoWn in the art, an IR receiver is a device 
capable of receiving infrared radiation (typically in the form 
of a modulated beam of light), detecting the impinging infra 
red radiation, extracting a signal from the impinging infrared 
radiation, and transmitting that signal to another device. Also, 
as knoWn in the art, an RF receiver can include an electronic 
device such that When it is exposed to a modulated radio 
frequency signal of at least a certain energy level, it can 
respond to that received signal by extracting the modulating 
information or signal and transmit it via an electrical connec 
tion to another device or circuit. 
As described above, each of the multiple control inputs of 

each processor 14 is capable of independently controlling 
operating parameters for the ballast 12 in Which the processor 
14 is contained, and for other ballasts in the system 100. In 
one embodiment, the processor 14 implements a softWare 
routine, referred to as a set point algorithm, to utiliZe the 
information received via each of the input terminals, their 
respective priorities, and the sequence in Which the com 
mands are received. Various set point algorithms are envi 
sioned. As shoWn in FIG. 1, each ballast 12 need not have a 
sensor input. A ballast need not have any sensor inputs, or it 
may have one sensor inputs, or it may have any combination 
of sensor inputs. 

The ballasts and thus the lamps can be controlled by the 
optional controller 20, by the individual ballast input signals 
from the sensors and dimmers, or a combination thereof. In 
another embodiment, the optional controller is representative 
of a building management system coupled to the processor 
controlled ballast system via a DALI compatible communi 
cations interface 16 for controlling all rooms in a building. 
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8 
For example, the building management system can issue 
commands related to load shedding and/or after-hours scenes. 
An installation of several ballasts and other lighting loads 

can be made on a common digital link 16 Without a dedicated 
central (or “master”) controller 20 on that link. Any ballast 12 
receiving a sensor or control input can temporarily become a 
“master” of the digital bus and issue command(s) Which 
control (e.g., synchronize) that state of all of the ballasts and 
other lighting loads on link 16. To insure reliable communi 
cations, knoWn data collision detection and re-try techniques 
can be used. 

FIG. 2 is a block diagram of a multiple-input ballast 12 
having a processor 14 in accordance With an exemplary 
embodiment of the present invention. As shoWn in FIG. 2, 
ballast 12 comprises a front end or input circuit 10 comprising 
a rectifying circuit 26 and a boost converter circuit 28, a back 
end or output circuit 30 comprising an inverter circuit and an 
output ?lter circuit, and a digital processing circuit 34. Pro 
cessing circuit 34 includes a processor 14, a DALI commu 
nication port 36, an occupancy sensor input circuit 38A, a 
photosensor input circuit 38B, and an IR receiver 38C. A 
poWer supply 32 provides poWer to processing circuit 34. The 
back end 30 of the ballast 12 drives the gas discharge lamp 44 
in accordance With back end control signal 50 from the pro 
cessor 14.Although depicted as a single lamp 44 in FIG. 2, the 
ballast 12 is also capable of driving a plurality of lamps. To 
better understand the ballast 12, an overvieW of the ballast 12 
is provided beloW. 
As shoWn in the exemplary embodiment depicted in FIG. 

2, the rectifying circuit 26 of ballast 12 is capable of being 
coupled to an AC (alternating current) poWer supply. Typi 
cally the AC poWer supply provides an AC line voltage at a 
speci?c line frequency of 50 HZ or 60 HZ, although applica 
tions of the ballast 12 are not limited thereto. The rectifying 
circuit 26 converts the AC line voltage to a full Wave recti?ed 
voltage signal 58. The full Wave recti?ed voltage signal 58 is 
provided to the boost converter 28. The boost converter cir 
cuit 28 boosts the recti?ed AC voltage 58 to a boosted DC 
voltage level and supplies the boosted voltage to a DC bus 16 
across Which a bus capacitor 17 is disposed. The boosted DC 
voltage is provided to an inverter circuit of the back end 30. 
The back end 30 converts the boosted voltage to a high 
frequency AC voltage to drive the gas discharge lamp 44. 
The poWer supply 32 is coupled to the output of the RF 

?lter and recti?er 26 to provide poWer to the processing 
circuit 34. The processor 14 can comprise any appropriate 
processor such as a microprocessor, a microcontroller, a digi 
tal signal processor (DSP), or an application speci?c inte 
grated circuit (ASIC). Further, a program can be stored in a 
memory residing Within the microprocessor, in external 
memory coupled to the microprocessor, or a combination 
thereof. The program is recogniZable by the microprocessor 
as instructions to perform speci?c logical operations. The 
processor 14 is coupled to the DALI communication port 36 
that alloWs for the transmission and receipt of messages on 
the DALI link 16. The occupancy sensor input circuit 38A 
alloWs for an external occupancy sensor to be connected to the 
ballast. Control signals from the occupancy sensor are trans 
mitted to the processor 14. The photosensor input circuit 38B 
receives a control signal from a photosensor and communi 
cates the photosensor reading to the processor 14. The infra 
red receiver 38C receives infrared signals from the infrared 
transmitter 18 and relays the signals to the processor 14. 

In one embodiment, the processor 14 performs functions in 
response to the status of the ballast 12. The status of ballast 12 
refers to the current condition of the ballast 12, including but 
not limited to, on/off condition, running hours, running hours 
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since last lamp change, dim level, operating temperature, 
certain fault conditions including the time for Which the fault 
condition has persisted, poWer level, and failure conditions. 
The processor 14 comprises memory, including non-volatile 
storage, for storage and access of data and softWare utiliZed to 
control the lamp 44 and facilitate operation of the ballast 12. 
The processor 14 processes the received signals from the 
DALI communication port 36, the occupancy sensor input 
circuit 38A, the photosensor input circuit 38B, and the infra 
red receiver 38C, and provides processor output signal 50 to 
the inverter circuit 30 for controlling the gas discharge lamp 
44. In one embodiment, the inputs to the ballast, via the DALI 
communication port 36, the occupancy sensor input circuit 
38A, the photosensor input circuit 38B, and the infrared 
receiver 38C, are alWays active, thus alloWing the inputs to be 
received by the processor 14 in real time. The processor 14 
can use a combination of present and past values of the inputs 
and computational results to determine the present operating 
condition of the ballast. 

DALI/ Extended Protocol 

In the standard DALI protocol, as previously described, 
messages are formatted With a start bit, tWo bytes of data, 
comprising 8 bits of address data folloWed by 8 bits of com 
mand data and tWo stop bits. The DALI protocol is imple 
mented using Manchester encoding, in Which a bit of infor 
mation is communicated by a positive-going or negative 
going transition of the control signal Within a timing interval. 
For example, a “logic high” (or a bit having a value of ‘l’) 
results from the control signal changing from the loW state (of 
Zero volts) to the high state of the DALI link (approximately 
18 volts) Within the timing interval. Similarly, a “logic loW” 
(or a bit having a value of ‘0’) results from a control signal 
changing from the high state to the loW state Within the timing 
interval. One skilled in the art Would understand the funda 
mentals of Manchester encoding. 

The tWo “stop bits” signal the end of a DALI message, and 
are tWo “idle high bits”. The idle state of the DALI link (When 
no devices are communicating) is the high state (of l 8 volts). 
At the end of a DALI message, the device receiving the 
message Waits for the tWo “idle high bits”, When the DALI 
link must be maintained high for the duration of tWo timing 
intervals. Note that since the message is not changing levels 
during the time intervals, no data is being communicated. 

HoWever, as described previously, the standard DALI sys 
tem does not provide su?icient functionality and ?exibility to 
control a more complex system having increased functional 
ity, such as described above With respect to system 100. Thus, 
in order to support the increased functionality described 
herein, an extended, fully DALI compatible protocol is pro 
vided. 

As noted above, a standard DALI message includes 19 bits: 
one control bit indicating a start of a message, plus tWo bytes 
comprising address and message content, plus tWo “stop bits” 
that indicate the end of a DALI mes sage. The extended DALI 
protocol of the present invention is con?gured to extend the 
standard DALI protocol in at least tWo Ways. First, the siZe of 
any message using the extended DALI protocol that is trans 
mitted over communication link 16 and that originates from 
any extended DALI protocol compatible device is expanded 
from tWo bytes (plus the three control bits), to three bytes 
(plus the three control bits). By providing an additional 8 bit 
component to a message, a signi?cant increase in the amount 
of information content transmitted betWeen devices can be 
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10 
provided, thus increasing functionality. Examples of such 
increased content and associated functionality are provided 
beloW. 

FIG. 3 illustrates the structure of a three byte message in 
accordance With the extended protocol of the present inven 
tion. As shoWn in FIG. 3, the ?rst bit is a start bit, folloWed by 
the ?rst 8-bit byte representing the device address. The sec 
ond message byte is a command byte that includes informa 
tion on What type of device is issuing the message and What 
the actual command is. The third address byte comprises the 
device data, Which might be data to store to memory or data 
that is important in executing the command from the previous 
byte of the message. The last tWo bits are “stop bits” that 
de?ne the end of the message. 
As a second Way to extend the DALI protocol, the tWo 

“stop bits” at the end of the message are provided in a differ 
ent state than the tWo “idle high bits” of the standard DALI 
protocol. A standard DALI compatible device is not con?g 
ured to recogniZe any message that does not comply With both 
stop bits being set in an “idle high” state. DALI compatible 
devices that are con?gured to recogniZe the extended protocol 
of the present invention, hoWever, are signaled to receive and 
interpret extended protocol messages because the tWo “stop 
bits” have a state other than tWo “idle high” time intervals. For 
example, the “stop bits” for a message of the extended pro 
tocol might be tWo “idle loW” time intervals, Where the trans 
mitting device drives the link loW for tWo complete time 
intervals. Or the “stop bits” might be one “idle loW” time 
interval folloWed by one “idle high” time interval, or vise 
versa. 

Thus, as described above, the present invention enables 
devices compatible With the extended protocol to receive and 
interpret much more information over communication link 16 
than previously available. The increase in message length 
from tWo bytes to three bytes, enables a substantial increase in 
the amount of information that can be transmitted over com 
munication link 16. Thus, the extended DALI compatible 
protocol of the present invention affords a signi?cant increase 
in functionality, such as to support complex lighting control 
systems in a variety of physical environments. 
Examples of increased functionality that results from the 

extended protocol of the present invention are as folloWs. 
Ballasts 12 that are compatible With the extended protocol can 
are capable of transmitting and receiving input readings from 
various sensor devices, such as photocell sensors, occupancy 
sensors and infrared devices across the DALI link. Moreover, 
ballasts 12 can be con?gured to broadcast and receive sensor 
data from one or more selected devices over communication 
link 12. Ballasts 12 are also con?gurable to be associated With 
particular groups of devices (e.g., other selected ballasts, 
photocells, keypad controls, etc.), thereby increasing the con 
?guring of various scenes and lighting control combinations. 
Also, multiple Wallstations can be used to control the system, 
since a ballast can broadcast local data to the rest of the 
system 100. 

In addition to the above described bene?ts, the increased 
message siZe provided by the extended protocol and distrib 
uted intelligence provided by processors 14 in ballasts 12 
reduces the prior art need for polling ballasts from a central 
controller 20 in order to issue commands thereto. This func 
tionality greatly improves the ef?ciency and response time of 
system 100. Processes associated With polling can, if desired, 
be limited in accordance With the present invention to stan 
dard DALI functions and to only occasional communication 
betWeen a master controller 20 and a ballast 12, for example, 
to ensure that ballast 12 is functioning. Of course, one skilled 
in the art Will recogniZe that any ballast functioning as con 
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trolling device can poll another device to ensure that device is 
functioning Within normal operating parameters. In fact, 
improved diagnostics are made possible by the extended pro 
tocol, for example, by setting a least signi?cant bit to indicate 
operational status information. 

Other features that are directly attributable to the extended 
protocol include processes and algorithms that can be 
employed to perform various tasks. For example, tasks asso 
ciated With scaling and averaging (described in detail, beloW) 
are made possible by the increase in message siZe supported 
by the extended DALI protocol. 

The protocol of the present invention is backWard compat 
ible and operates in a conventional DALI system. In effect, 
conventional DALI messages can be provided on the DALI 
netWork to communicate With conventional DALI devices. 
When an extended protocol message is transmitted on the 
netWork, any conventional DALI devices that are not con?g 
ured to interpret messages sent using the extended protocol 
simply ignore the message due to the states of the stop bits. 
Devices according to the present invention Which are capable 
of interpreting an extended protocol message receive and 
interpret the extended protocol message and function accord 
ingly. 

Also, no neW Wiring or changes to the DALI bus or con 
troller are needed to implement the protocol or to add neW 
functionality to existing systems. The netWork Wiring need 
only be for communication, rather than for communication 
and poWer. The extended protocol netWork can be realiZed as 
a tWo Wire system, Which can fall into a class 2 category for 
electrical standards, meaning that no conduit is needed for 
running the Wires. In the conventional DALI system, poWer 
lines and control lines are provided to each device, so that the 
Wiring is in a class 1 category, indicating the need for a 
conduit to run the Wire to the various devices. 

Further, devices according to the invention and tied to the 
DALI bus can easily be programmed to receive both conven 
tional DALI messages and extended protocol messages, 
effectively increasing the bandWidth of the netWork by per 
mitting greater throughput of data in the extended protocol 
messages. 

In accordance With a feature of the present invention, a 
netWork of devices may include 256 devices, rather than the 
conventional 64 in the DALI protocol. Also, the poWer and 
control of communication link 16 can be separated or distrib 
uted, so that the failure of a given controller does not cause the 
entire netWork to fail. Each device on the netWork can be 
enabled With the extended protocol to act as a sender or 

receiver, i.e., controller, With poWer supplied to each device 
individually. Accordingly, the intelligence of the system 
according to the invention is distributed amongst the indi 
vidual devices, i.e., the individual ballasts that include pro 
cessing poWer. Therefore, if the central DALI controller fails, 
the system still retains functionality. 
A discussion of speci?c details With respect to the extended 

protocol, including speci?c settings of various bits, is noW 
provided. 
As described above, the extended protocol of the present 

invention is an extension of the standard DALI protocol ver 
sion 1.0 as de?ned in Annex E and F ofIEC60929 Ed2 2003. 
According to the present invention, the extended protocol of 
the present invention preferably employs Manchester bit 
encoding, and transmits at a baud rate of 1200 BPS, With an 
individual bit time of 833.3 microseconds. 

Preferably, additional commands are provided With the 
same or similar structure as DALI commands With at least the 
folloWing exceptions. In accordance With a preferred embodi 
ment of the extended protocol, forWard frame commands are 
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12 
three bytes long (a backWard or reply frame is one byte and 
has the same timing requirements as de?ned in standard 

DALI). 
According to the present invention, the timing of forWard 

frame transmission (formatted in three bytes) is subject to a 
randomiZed delay to prevent repeated collisions. When the 
devices on DALI link 16 start to broadcast, both DALI and 
extended protocol messages are likely to collide With the 
broadcasts. Therefore, on an extended DALI protocol link 
both DALI and extended protocol messages are preferably 
subject to collision handling requirements. Preferably, timing 
depends on the priority of a message, i.e., high priority or loW 
priority. High priority messages have a relatively short inter 
message time delay that ensures that, in case of a collision, 
they are transmitted ?rst. LoW priority messages have a 
longer inter-message time delay. 

In the extended protocol of the present invention, the ?rst 
of tWo end “stop bits” is provided as an “idle loW” state. The 
second “stop bit” provided as an “idle high” state. The 
extended protocol prevents multiple collisions using tWo 
techniques: 1) synchronization to the last loW to high transi 
tion on the link 16 (betWeen the ?rst and second “stop bit”), 
Which usually results in loss-less collisions; and 2) random 
message delay Which minimiZes likelihood of repeated col 
lisions. 
More particularly, in accordance With the extended proto 

col of the present invention, a forWard frame delay comprises 
a ?xed portion and a randomiZed portion. An extended pro 
tocol responsive device provides random delay by generating 
a random number in the range of 0-7. The randomiZed portion 
of the message delay is preferably divided into 16 discrete 
time slots, Wherein each time slot is 1/2 bit time (416.67 usec) 
long. Eight slots are allocated for each message priority level. 
An extended protocol responsive device With a pending 

high priority extended protocol message is directed to Wait 
betWeen 11.27 microseconds and 14.18 microseconds (0-7 
time slots) before the start of transmission. This time delay is 
measured from the last occurrence of a con?rmed loW level on 
the link. Furthermore, each device With a pending loW priority 
extended protocol message must Wait betWeen 14.6 micro 
seconds and 17.51 microseconds before the start of transmis 
sion. Thus, high priority messages (such as generated from a 
ballast having an occupancy sensor input) have a shorter 
delay and are transmitted before loW priority messages. 

In accordance With a preferred embodiment, a transmitting 
device detects collision during the high level portion of each 
Manchester encoded bit. If a loW logic state is found on the 
link When the device is trying to transmit a high logic state, the 
current transmission is interrupted immediately. In case of a 
collision, the transmitting device re-initialiZes the delay timer 
by selecting a different random slot count, and the pending 
message is resent as usual When the link is determined to be 
free. 

In accordance With high priority messages, a sensor broad 
casts user input commands With critical response time 
requirements. In accordance With loW priority messages, the 
con?guration commands originate from the controller, as the 
controller is able to implement more sophisticated error 
checking and re-try schemes. 
The extended protocol of the present invention dramati 

cally increases functionality and improves e?iciency With 
respect to communication betWeen devices on a DALI com 
munication link. As Will be clear to one skilled in the art, 
virtually every improvement over prior art DALI functional 
ity, described herein, utiliZes the extended protocol in some 
Way. 
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Out-of-Box Mode 

In a preferred embodiment of the present invention, bal 
lasts 12 are pre-con?gured to perform various functions upon 
installation and Without the need for additional con?guration 
and setup. In this Way, the ballasts 12 Will operate under a set 
of default conditions When they are installed “out-of-box” 
and Will operate in accordance With these default conditions 
until con?gured, as described herein. 
As used herein, the term, “out-of-box” refers, generally, to 

the state of ballast 12 upon manufacture. An installed ballast 
Will be in out-of-box mode if it has not been con?gured upon 
installation. The out-of-box mode represents a default con 
?guration of the ballast upon initial installation assuming no 
other instituted con?guration. The out-of-box mode includes 
the folloWing functionality: receiving and broadcasting pho 
tosensor status and data over the DALI communication link 
16, as Well as averaging the readings of photosensor 22, 
scaling target input levels, and performing automatic bum-in 
functions. Details of each of these functions are provided 
beloW. 
Upon manufacture, ballast 12 is preferably con?gured With 

a unique identi?er or serial number, such as an alpha-numeric 
code, Which can be used to distinguish one ballast from 
another. The unique alpha-numeric code identi?es a particu 
lar ballast 12, and after the ballast 12 is commissioned into the 
lighting system, the ballast is further assigned a unique DALI 
address on the DALI communication link 16. 
As noted above, in a preferred embodiment of the present 

invention, ballast 12 may have a photosensor 22 coupled 
thereto, and the ballast is con?gured in its out-of-box mode to 
broadcast photosensor 22 status and other attached sensor 
data over the DALI communication link 16. Further, a ballast 
in out-of-box mode Will receive and process all broadcast 
information, such as sensor status information, that is trans 
mitted over the DALI communication link 16. In the event 
that no photosensor 22 is attached to ballast 12, then the 
ballast functions as a conventional DALI ballast. 

As noted above, in accordance With the present invention, 
the ballasts 12 can operate over DALI communication link 16 
Without the need for a dedicated central controller 20 being 
present on that link. Accordingly, some out-of-box function 
ality relates to the extended protocol, described above, and 
some relates to the hardWare capabilities of ballasts 12. For 
example, each ballast 12 may physically connect to a particu 
lar group of devices, including a sensor device, a lighting 
load, and other ballasts 12 over communication link 16. Bal 
lasts 12 are preferably con?gured in the out-of-box mode to 
broadcast to and listen to all other devices on the DALI link 16 
in order that various information (e.g., status information 
regarding photosensors, occupancy sensors, infrared devices 
or other types of sensors) can be shared over the DALI link. 
Furthermore, other processing algorithms, such as averaging 
photosensor data, performing ballast range scaling and auto 
matic bum-in processes (described beloW) can be con?gured 
for out-of-box functionality in every DALI compliant device 
in the system. 
By providing such functionality in an out-of-box con?gu 

ration, the amount of time and resources required to con?gure 
a DALI lighting control system is dramatically reduced. 

Automatic Bum-in With Pause Functionality 

In accordance With a preferred embodiment of the present 
invention, ballasts 12 are con?gured in out-of-box mode to 
automatically perform steps associated With seasoning or 
“burn-in” of neW (unused) lamps before a dimming function 
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14 
of the lamp can be enabled. It has been determined that 
seasoning a lamp, for example, by operating a ?uorescent 
lamp at full light output for a period of about 100 hours before 
dimming, helps to assure that the maximum lamp life is 
achieved. Methods associated With seasoning lamps are 
described in Us. Pat. No. 6,225,760, assigned to the assignee 
of the present patent application, and incorporated herein by 
reference. 

The present invention preferably includes providing ballast 
12 With an automatic bum-in mode When a ballast 12 is ?rst 
installed. Thus, for example, after a ballast is physically 
installed on a DALI communication link 16 and a lamp 44 is 
attached thereto, the ballast operates the lamp at full light 
output for a minimum amount of time, such as 100 hours. 
Ballast 12 is preferably con?gured With a timing algorithm to 
monitor the elapsed time during the burn-in process. 

In addition to executing the steps associated With burn-in 
methods, as described above, ballast 12 is preferably con?g 
ured to block any messages or commands from any device on 
the DALI communication link that may interrupt or otherWise 
interfere With the burn-in process, including commands for 
dimming a lamp 44. For example, When a neW lamp and 
ballast 12 are installed on a DALI communication link 16, the 
ballast lamp Will automatically command the lamp 44 to 
season, and ballast 12 maintains the lamp seasoning process 
by ignoring the commands received from other devices on the 
link. One skilled in the art Will recogniZe that ballast 12 can be 
con?gured to enable one or more remote commands, even 
though such commands may interrupt or interfere With the 
bum-in process. Thus, ballast 12 is con?gurable to override 
one or more default out-of-box settings that are provided With 
ballast. 

Also, ballast 12 is preferably con?gured to pause the bum 
in process during commissioning (e.g., assigning a DALI 
address and con?guring the ballast). For example, after bal 
last 12 is installed and connected to a gas discharge lamp 44, 
ballast 12 enters its automatic bum-in mode and proceeds to 
supply lamp 44 With full poWer. Thereafter, as additional 
ballasts 12 are installed, each automatically enters automatic 
bum-in mode and proceeds to poWer each respective lamp 44 
at full poWer. While ballasts 12 and lamps 44 are installed, a 
user of system 100 may send a command to the ballast via 
control station 28 or infrared transmitter 18 to cause the 
ballast to pause the bum-in process and then proceed to com 
mission each ballast to function in accordance With a desired 
con?guration. In accordance With the present invention, bal 
last 12 tracks the elapsed bum-in time. After the ballast is 
commissioned, the user ends the pause of the bum-in process 
and the ballast 12 resumes the burn-in process for the remain 
ing required bum-in time. In this Way, ballasts 12 can be 
commissioned at any time during a bum-in process, and 
lamps 44 are not adversely affected since dimming com 
mands, knoWn to shorten lamp life, are blocked or otherWise 
not received by ballast 12 until the automatic bum-in process 
is complete. 

FIG. 4 is a ?owchart that includes example steps associated 
With the bum-in process of the present invention. Referring to 
FIG. 4, at step 50 a ballast 12 is installed and attached to a 
lamp 44 on a communication link 16. At step 52, a value 
representing the amount of time to season a lamp is assigned 
to a variable, BURN-IN_MAX. Also at step 52, a timer value 
representing the amount of time that pas ses during the burn-in 
process is initialiZed to Zero. Thereafter, at step 54, the burn-in 
process commences and the timer variable increments as time 
passes. 

Continuing With the ?owchart shoWn in FIG. 4, at step 56, 
a determination is made Whether a command to dim the lamp 










